Abstract. The aim of this study was to study and characterize the properties of the raw materials for standard clay in Lampang province. The raw materials used in the study were from local sources comprising Lampang kaolin clay (WC-1) and Lampang pottery stone (WC-2). The characterization of the raw materials was analyzed by a particle analyzer, X-ray fluorescence (XRF) and X-ray diffraction (XRD). The mixing ratio of the standard clay was an addition to the Lampang kaolin clay of 50-90% and Lampang pottery stone of 10-50% on the physical-mechanical properties of the standard clay. The properties of the standard clay after firing at a temperature of 1,200°C were studied, and the shrinkage, water absorption, and bending strength of the standard clay were also tested. The results showed that the chemical components of 60% of the Lampang kaolinite clay and 40% of the Lampang pottery stone included a large amount of silicon oxide (67.47wt%) and aluminum oxide (20.92wt%). The physical properties of the standard clay had a shrinkage of 11.2%, water absorption of 1.9%, and bending strength of 659 kg/cm 2 . The standard clay fulfilled the requirements of the Thai industrial standard (TIS 485-2542).
Introduction
Lampang is one of ten ceramic handicraft producing cities, which creates products through the full development cycle of the design, service, and marketing. This provides employment for the local people and generates income of 2-3 billion Baht per year for the community. The longer-term aim is to develop the Lampang ceramic industry as the ceramics center of ASEAN.
Lampang's ceramic products are mainly made of stoneware clay, and these have particular characteristics. They are in general very siliceous, aluminous and contain significant proportions of potassium, which acts as flux. These clays have the property of vitrifying gradually without becoming deformed with the rise in temperature, and they yield an opaque material, often brown in color, though this varies according to the impurities contained in the initial mixture [1] .
In the collection of data at Ban Nam Cho Factory, there was a production of stoneware, mainly chicken bowls, estimated at 100,000 units/month Stoneware products are normally fired at a temperature of around 1,200°C in a shuttle kiln using LPG as the fuel, and are fired for eight hours. The quality of the stoneware production is shown in Table 1 The mechanical strength of the stoneware was resistant from bending at 340 kg/cm 2 . Thus, the mechanical property of the stoneware is not exactly within the requirements of the Thai community's product standard (refer to Table 2 ). 2 ) 550 The objective of this research was to study and characterize the properties of the raw materials for the standard clay of Lampang province, Thailand.
Experimental Procedure

Raw materials for standard clay.
The raw materials used in the study came from local sources in Lampang province, Thailand. They were Lampang kaolinite clay (WC-1) and Lampang pottery stone (WC-2). The raw materials were controlled by grinding and passed through a 40 mesh sieve (particles smaller than 0.42 mm.)
2.2 Characterization analysis of the raw materials. The particle size of the raw materials was analyzed by laser diffraction (Mastersizer S, Malvern, USA) whereas the chemical composition was analyzed by X-ray fluorescence (XRF, Megix Pro MUA/ USEP T84005, Philips, USA). The mineralogical composition was identified by X-ray diffraction (XRD, D500, Siemens, Germany).
2.3 The compositions produced including that of the Lampang kaolin clay and Lampang pottery stone are shown in Table 3 . 2.4 Properties measurement of standard clay. The linear firing shrinkage (LFS) was assessed as the difference between the diameter of the dried and fired specimens divided by the diameter of the dried specimen. The wet-to-fired shrinkage value is quoted on the basis of the wet size; wet-to-fired shrinkage is given by [2] Shrinkage = wet length -fired length Wet length × 100
The water absorption was calculated by remeasuring the weight of the test specimens after placing them in boiling water at 110°C for five hours. The samples were cooled in desiccators and weighed to an accuracy of 0.01g to give the dried weight (D). Then, the moisture was removed from the surface of the samples with a moist cloth, and the samples' weight was measured to give the soaked weight (S). The value of (D) and (S) are used in the formula: [2] Water absorption
The bending strength for the clay was the determined by the universal testing machine (LLOYG Instrument model LRX5K) represented by the modulus of the rupture equation:
where L is the breaking load. D is the distance between the support. b is the breadth of the rectangular rod. and d is the depth of the rod [3] .
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Results and Discussion
3.1 Characterization of the raw material. The particle size of the standard clay was analyzed by laser diffraction X-ray fluorescence (refer to Table 4 ). It was found that the Lampang kaolin clay (WC-1) had an average particle size of 10.59 µm whereas Lampang pottery stone (WC-2) had an average particle size of 22.41 µm. The chemical composition of Lampang Kaolin clay (WC-1) was analyzed by X-ray fluorescence (refer to Table 5 ). The major components included 67.47% of silicon oxide (SiO2), 20.092% of aluminum oxide (Al2O3), and up to 1.81wt% of ferric oxide (Fe2O3). The amount of SiO2 was much lower than Al2O3 and Fe2O3, respectively. CaO, K2O, BaO MnO, ZrO2, TiO2, P2O5, MgO, Y2O3 and Rb2O were found in small quantities. The major components of Lampang pottery stone (WC-2) included 66.47wt% of silicon oxide, 11.52% of aluminum oxide, and 13.26% of ferric oxide, which would mostly affect the color of the fired product (Fe2O3, MnO, and TiO2). Other elements (MgO, K2O, and Na2O) would act as fluxes and may have a strong effect during sintering [4] . Another important component of the studied pottery stone was the total amounts of the alkali and alkaline earth oxides (Na2O, K2O, MgO, and CaO) acting as flux materials were slightly high in the pottery stone [5] . The mineralogical composition of the standard clay was analyzed by X-ray diffraction. The results of the mineralogical analysis of (WC-1) (refer to Figure 1) show the XRD pattern of the Lampang Kaolin clay. The predominant peaks are associated with quartz (Q) while the secondary peaks identify the crystalline mineral phase of kaolinite (K) (Al2Si2O5(OH)4) and muscovite (M) (K2Al4 (Si6 Al2) O20 (OH,F)4). In Figure 1 , (WC-2) shows the XRD pattern of the Lampang pottery stone. The predominant peaks are associated with quartz (Q) while the secondary peaks identify the crystalline mineral phase of muscovite (M) (K2Al4 (Si6 Al2) O20 (OH,F)4. 
Properties of the standard clay.
From the linear shrinkage of the fired clay, the results showed that after firing, the clay had low shrinkage of 10.5% (formula 1) (refer to Figure 2 ). The shrinkage of kaolin clay at 100-180°C is due to hygroscopic water and is associated with weight loss. The second shrinkage of kaolin clay at a maximum at 550-650°C may be attributed to kaolinite and the formation of meta-kaolinite that takes place. Furthermore, at about 1,000°C, mullite was formed, as indicated by the exothermic process. The shrinkage of the kaolin clay at 900-1,100°C is due to the formation of mullite (3Al2O3.2SiO2) and another phase [6] . The various forms of mullite occur in standard clay. The primary mullite forms originated from the decomposition of the kaolin clay whereas the secondary mullite forms resulted from the reaction of the alkaline (K2O or Na2O) and kaolin clay, or kaolin clay and silica (SiO2). These forms were strongly dependent on the extent of the combination of the raw materials. The size, shape and composition of the mullite crystals were controlled by the fluidity of the local liquid matrix from which they precipitated and grew [7] . For the water absorption of the fired clay, the results showed that after firing, the clay had low water absorption of 1.0% (Formula 1) (refer to Figure 3) . The water absorption of the kaolin clay had an effect on the vitrification properties since Lampang pottery stone featured a higher vitrification The bending strength of the fired clay showed that before firing, the clay had a high bending strength of 702 kg/cm 2 (Formula 5) (refer to Figure 4 ) The firing strength was associated with the development of strong crystals; such as, mullite (3Al2O3.2SiO2) and glassy matrix. Heating kaolinite to a high temperature in the stoneware product of mullite contributed markedly to the strength of the fired body system. For the mechanical properties of firing in the stoneware body, the stoneware composition was prepared by mixing kaolin clay, alkaline earth and silica. The analysis revealed that the representative composition of the stoneware was produced by means of the firing process on the mechanical properties with several physical features and phase compositions including secondary mullite needles [8] . 
Formula
252
Materials Science and Technology X
Summary
The results concluded that Formula 4 (60% of Lampang kaolinite clay and 40% of Lampang pottery stone) had optimum properties. The properties of the standard clay after firing at 1,200°C were studied. In the specimens, shrinkage comprised 17.5%, water absorption was 1.9%, and the bending strength was 659 kg/cm 2 . This Lampang pottery stone achieved the requirements of the Thai industrial standard (TIS 485-2542).
